We analyze the dynamics of social assistance benefit (SA) receipt among working-age adults in Britain between 1991 and 2005. The decline in the annual SA receipt rate was driven by a decline in the SA entry rate, rather than by the SA exit rate (which actually declined too). We examine the determinants of these trends using a multivariate dynamic random effects probit model of SA entry and exit probabilities applied to British Household Panel Survey data. The model estimates and accompanying counterfactual simulations highlight the importance of two factors -the decline in the unemployment rate over the period, and other changes in the socioeconomic environment including two reforms to the income maintenance system in the 1990s. The results also reveal a substantial heterogeneity in SA annual transition rates.
INTRODUCTION
For at least two decades, "welfare to work" ideas have strongly influenced social policy thinking on both sides of the Atlantic and in English-speaking OECD nations more generally.
There has been substantial interest in reorienting the design of systems of cash transfers for poor working-age families away from schemes involving passive receipt of benefits ("welfare") towards schemes in which individuals are more actively involved in meeting minimum income requirements, by increasing their labor market participation ("work"). In housing benefits, the proportion in receipt each year is consistently 2-3 percent higher, but follows a similar downward trend. Two leading explanations for these trends are the reforms to the benefit system intending to "make work pay" and changes in labor market tightness. Figure 1 shows the substantial increase over the period in receipt of in-work cash assistance ('tax credits'). The proportion of working-age adults in receipt was consistently about 2-3 percent during the 1990s, until the introduction of WFTC in October 1999 after which the proportion in receipt rose dramatically to almost 7 percent in 2002. The receipt rate then rose again significantly with the extension of eligibility in 2003. Observe that the turning points in the SA receipt rate series do not correspond closely with the turning points in the series for tax credit receipt, suggesting that in-work benefit reforms were not a major driver of the former. By contrast, note the relatively close correspondence between the trends in the unemployment rate and in the SA receipt rate. These and other explanations are examined in greater detail later in the paper. <Figure 1 near here> Since changes in SA receipt rate from year to year reflect the combination of changes in annual rates of entry to or exit from receipt (which are processes with different determinants), we analyze entry and exit rates. Figure 2 shows the trends in these SA transition rates over the period [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . The entry rate fell from above 4 percent in 1993 to below 2 percent in 2005. The exit rate fell from around 40 percent to nearly 25 percent (the greater variability in the rate at the end of the period may simply reflect small sample sizes).
<Figure 2 near here>
We conclude that the secular decline in annual (cross-sectional) SA receipt rates was driven primarily by a decline in entry rates: the fall in the entry rate was sufficiently large that it offset the decline in the exit rate over the same period (which would increase receipt rates, other things being equal). This conclusion follows directly from the stock-flow identity that links the proportion receiving SA in year t to entry and exit rates. 1 The importance for trends in cross-sectional receipt of changes in the entry rate rather than the exit rate echo findings reported for the USA by Grogger (2004) and Haider and Klerman (2005) .
To investigate the determinants of these trends, we propose a multivariate dynamic random effects probit model of individuals' annual SA entry and exit probabilities and fit it to data from waves 1-15 of the British Household Panel Survey (BHPS) . Estimates of the model and simulated exit and entry rates derived from them are used to assess the determinants of the observed trends. The results highlight the importance of both the decline in the unemployment rate and other secular changes in the socioeconomic environment 1 The proportion receiving SA in year t, p t , is given by:
, where x t is the exit rate and e t is the entry rate at t.
including two reforms to the social security benefit system. The results also point to substantial individual heterogeneity in SA transition rates.
In the next section, we explain the nature of benefit system in Britain today, referring to both SA and in-work benefits, and the major changes that occurred over the period 1991- This paper is a substantially revised version of a longer report (Cappellari and Jenkins 2008a ) to which we refer readers for additional explanations and detail. For this paper, we have revised aspects of the specification of the dynamic random effects probit model, and present counterfactual simulations to analyze the various determinants of trends.
BENEFITS AND TAX CREDITS IN BRITAIN
Social assistance benefits are income-tested "safety net" cash benefits, sometimes called "welfare benefits". They are paid to bring incomes up to some minimum income level -they refer to income maintenance. By contrast, social insurance benefits refer to income 
The Current System of Benefits and Tax Credits
The principal social assistance benefits in Britain for people of working age, according to these definitions, are those shown in Table 1 . Income Support (IS) and income-based Job Seekers Allowance (JSA) differ from Housing Benefit (HB) and Council Tax Benefit (CTB) because receipt depends on employment status. Put differently, receipt of HB and CTB depends on income (and some other conditions), but not on employment or job-search status.
As Figure 1 shows, the SA receipt rates according to both the narrower and broader definitions move in tandem over time. The populations receiving IS and JSA on the one hand, and HB and CTB on the other hand, overlap substantially, and so the choice of whether to include housing benefits in the definition of social assistance benefits is of little practical importance in the current context. In the analysis presented below, we do not include housing benefits (HB and CTB) in our definition of SA.
<Table 1 near here> Alongside these benefits for non-working families, there is extensive cash support available for low income working families, currently through the Working Tax Credit program. (It plays a similar role to the Earned Income Tax Credit in the USA.) The eligibility conditions relate to having an income below a specified minimum level, and at least one family member in "full-time work" defined to mean working at least 16 hours per week.
Changes, 1991-2005
Over the period under analysis, the system of benefits and tax credits in Britain changed substantially. The main reforms are summarized, by year of introduction, in Table 2 . Prior to 1996, a non-working family could be receiving Income Support (social assistance), Unemployment Benefit (UB, social insurance), or both. In October 1996, cash benefits for unemployed jobseekers were unified under the Job Seekers Allowance (JSA) program, with a distinction made between "income-based" JSA corresponding to the former Income Support and "contribution-based" JSA corresponding to the former UB, which was a flat-rate nonmeans-tested social insurance benefit paid to unemployed individuals with a satisfactory National Insurance contribution record. JSA also incorporated more stringent job search requirements for those assessed as available for work. Unemployed individuals with an incomplete national insurance contribution record and a sufficiently low income were also eligible to claim contribution-based JSA on a means-tested basis. Because UB payments were relatively low, most recipients' families were also eligible for IS, and it remains the case today that most JSA recipients receive income-based benefits. 4 There were also a number of active labor market programs for specific groups, the New Deals for unemployed young people and for lone parents, providing individualized help to improve job readiness and job search. Because of their targeted focus, and since they do not directly affect incomes, they are less relevant in the current context. 5 For an overview of the impact of WFTC on labor supply and other outcomes, see the Economic Journal Features issue on 'In-work benefit reform in a cross-national perspective' (Brewer et al. 2009 ).Earlier research focusing on labor supply effects includes Blundell (2001) , Blundell and Hoynes (2004) , Brewer et al. (2006) , Francesconi and van der Klaauw (2007) , and Gregg et al. (2009). To the extent that policies making work pay are successful, we would expect them to be accompanied by corresponding reductions in SA receipt, and for the turning points and inflections in SA receipt trend lines to correspond with the major changes in tax credits (1999 and 2003 At the same time, the reform did not increase the job-finding rate unambiguously, because some recipients moved instead to other benefits such as incapacity benefits (Manning 2009; Petrongolo 2007) . 7 We use respondents to the original ('Essex') sample only. Respondents from the extension samples for Scotland, Wales and Northern Ireland incorporated in the BHPS at the end of the 1990s are not used. Taking account of the differential sample inclusion probabilities would be a large task, beyond the scope of this project, and the number of observations in the original 1991 sample is relatively large in any case (see below).
percent have a partner and children), and 21 percent are childless single adults. 8 We track individuals over time, not families, since families and households cannot be followed over time as a unit in any consistent manner. Families and households change their composition over time as individuals arrive (e.g. via partnership formation) or depart (e.g. via partnership dissolution). These types of change are common (Jenkins 2000) .
We define SA to include IS and either UB or JSA (of either type). This is a matter of practical necessity: it is the only definition of SA that can be measured consistently over time using the BHPS (and most other surveys). As mentioned earlier, it is difficult to reliably distinguish between receipt of contribution-based JSA and income-based JSA. Indeed, since JSA's introduction in 1996, the BHPS interview has not asked respondents receiving JSA to distinguish between the two types for precisely this reason. See Cappellari and Jenkins (2008a) for further discussion.
Our definition of SA receipt for a given year t refers to receipt at the time of the BHPS interview in survey year t (typically September or October) -this is the definition used for Figure 1 . The entry rate refers to the proportion of individuals not receiving SA at the year t-1 interview that are receiving SA at the year t interview and the exit rate refers to the proportion of individuals receiving SA at the year t-1 interview that are not receiving SA at the year t interview. Thus, the dynamics of SA receipt analyzed in this paper refer to transitions to and from receipt between successive annual interviews.
An alternative approach to receipt dynamics is to take a spell-based approach, where spells are defined in terms of consecutive "benefit years" or, where data are available, consecutive sub-annual periods such as "months". 9 For the USA, the benefit year approach has been applied in studies using PSID data from the pioneering analysis of AFDC benefit receipt by Ellwood (1983, 1994) Addressing these issues is a major and important task, but beyond the scope of this paper. We therefore remind readers that our analysis focuses on SA transitions between one year and the next, and not on spells of receipt.
With fifteen waves of BHPS data, our analysis data set contains a maximum of 15 See Cappellari and Jenkins (2008a) for further details concerning sample selection, and demonstration that conclusions are robust to the use of a balanced rather than an unbalanced panel.
A DYNAMIC RANDOM EFFECTS PROBIT MODEL OF TRANSITION PROBABILITIES
Our data consist of a temporally ordered sequence of ones (representing SA receipt at a particular interview) or zeros (representing non-receipt), for every adult included in the analysis sample. To analyze these data, we propose use of panel data methods for binary sequences, specifically a version of the dynamic random effects probit model popularized by Heckman (1981a) which also accounts for unobserved individual heterogeneity. Dynamic random effects probit models have been used to analyze social assistance dynamics in Sweden and Canada by Andrén (2007) , , and . One US application is by Chay and Hyslop (2000) . Our model differs from those cited because we allow the same set of covariates to affect exit and entry rates but with potential different impacts. 10 More generally, we know of no previous study that has used dynamic random effects probit models to analyze and simulate entry and exit rates in the way that we do.
The Multivariate Statistical Model
Let p* it represent the latent probability of SA receipt in each year of the sequence of T i years for which an individual is observed in the analysis panel data, excluding the first year (t = 1),
where
Each individual, i = 1, …, N, is observed to receive SA (y it = 1) in year t if p* it > 0, and not to receive it (y it = 0) otherwise. Observed individual heterogeneity is measured by the vector of variables represented by Z it-1 and W it-1 (each of which includes an intercept term). These variables are measured in the year at which the individual is at risk of making a transition (year t-1). As we show shortly, the interactions between the lagged dependent variable (y it-1 ) and each element of W it-1 allow characteristics to affect entry and exit rates differently.
Unobserved heterogeneity is characterized by a fixed individual-specific component (τ i ) and a white noise error component (ζ it ), where the error terms are assumed to be uncorrelated with each other and with each element of Z it . The errors are each assumed to have a mean of zero and be normally distributed, with the variance of ζ it normalized to be one, and variance of τ i estimated from the data. In order to relax the assumption that the unobserved individual-specific components are uncorrelated with the observed explanatory variables, we follow Mundlak (1978) and Chamberlain (1984) , and many researchers since, in allowing for correlations between u i and Z it by supposing that
where u i is distributed N(0, σ u 2 ) and is assumed independent of Z it and ζ it for all persons and time periods. The i Z may be defined in several ways -we follow the common practice of defining them as the longitudinal average for each individual of each characteristic within the vector Z it (with the exception of intrinsically time-varying variables like age). Intuitively, differences in longitudinally-averaged characteristics are informative about underlying individual-specific characteristics, so that the unobserved individual differences that are left (u i ) may be more plausibly supposed to be independent of observed characteristics. For brevity in notation, we subsume the longitudinally-averaged variables into the vector Z it henceforth.
There is an issue for estimation concerning the 'initial conditions' of the sequence of observations for each individual -whether y i1 is independent of u i . If receipt in the initial year is correlated with the time-invariant individual-specific effect, a correlation is induced between the error term and the lagged dependent variable in (1), leading to bias in parameter estimates.
We handle initial conditions using the conditional maximum likelihood estimator proposed by Wooldridge (2005) . Rather than modeling the joint distribution of the sequence of binary receipt indicators from the initial one to the final one conditioning on the set of explanatory variables, Wooldridge showed that one may model the distribution of the binary receipt indicators from t i = 2, …, T i , conditioning on the set of explanatory variables and the binary receipt indicator for the initial year. Wooldridge proposed modeling the distribution of
His model for the individualspecific component (abstracting from i Z already incorporated using the ChamberlainMundlak specification) can be written as:
so that equation (1) becomes
The Wooldridge estimator has the advantages that initial conditions do not have to be modeled and estimation can done using standard random-effects probit software.
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The model outlined incorporates a relatively simple dynamic structure. It characterizes a first order Markov process: transition behavior does not depend on receipt history beyond the year before the current one. Higher order Markov models can be fitted as Chay and Hyslop (2001) and Stewart (2007) demonstrate, but we find that our model characterizes aggregate trends relatively well (see below). More flexible approaches to duration dependence can also be modeled using survival analysis methods applied to spell data. We eschew those methods because of the difficulties of deriving consistent monthly histories (see earlier), and because using the annual interview data to define spells would underestimate the prevalence of short spells. For spell length predictions from our first order
Markov model ignoring the latter issue and employing a "steady state" assumption, see Cappellari and Jenkins (2008a) .
Model Implications for Entry and Exit Probabilities
The dynamic random effects probit model characterizes transition probabilities for individuals of different types given appropriate conditioning on receipt status at t-1. The implied SA entry rate for non-recipients, e it , is:
The implied SA persistence rate for recipients, s it , is
and the SA exit rate for recipients, x it , is
where ρ = σ u 2 /(1+σ u 2 ). The impact on the entry rate of a factor depends on the factor's coefficient in γ. For example, we would expect larger unemployment rates to be associated with a larger SA entry rate and a smaller exit rate (a larger persistence rate), other things being equal. In this case, the coefficient on the unemployment rate in γ (call it γ unemp ) would be positive. For exit rates, ascertaining associations is not quite as straightforward. A negative association between the exit rate and the unemployment rate requires γ unemp + λ unemp to be negative.
We simulate aggregate entry and exit rates for each year using (5) and (7) and our estimates of γ, λ and σ u 2 to derive predicted probabilities of entry and exit for each individual the Heckman estimator in our earlier work. Compared to the model specification employed then, the main differences in the current paper are measurement of observed characteristics at t-1 rather than t, and a more at risk of a transition that year, and then averaging the individual-specific probabilities across those at risk. Thus, the model characterizes of changes over time in aggregate entry and exit rates in terms of either changes over time in coefficients (including intercepts) when allowed to be time-varying, or changes over time in the distribution of characteristics among those at risk of exit or entry (such as an upgrading in educational qualifications). We assess the impact of specific factors on trends using counterfactual simulations corresponding to these two sources of change, asking what would have happened to entry and exit rates were a set of coefficients to have remained fixed at the value for a specific year, or were the distribution of a particular characteristic to have remained as in the distribution for a specific year.
Explanatory variables
Observed characteristics are summarized by sex and age, highest educational qualification, and health status. Age refers to whether the individual is aged 50 or more years: we expect older workers to have less work attachment, other things equal, and hence higher SA entry and lower SA exit rates. We distinguish four categories of educational qualification: none, low, high, and missing. "Low" refers to having passes in examinations taken at age 16 (CSE(s) and/or O-levels); "high" refers to having passes in examinations taken at age 18 (Alevel(s)) or higher qualifications such as a degree. Around one tenth of respondents have missing data on educational qualifications: these are mostly respondents for whom only a proxy interview was gained but sufficient information was derived about other characteristics from the proxy respondent so that the individual could be included in the sample. The missing qualifications indicator is better interpreted as a control for response propensity than as a measure of educational qualifications. Health status refers to whether the respondent stated that s/he had one of more of 13 health problems.
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The characteristics of each respondent's family are summarized by the number of dependent children, whether the age of the youngest child is less than five years, and by family type (single adult, couple, or lone parent). We also control whether the respondent lives in the London area (as the labor market is very different from elsewhere in the country), and housing tenure (whether the respondent lived in owner-occupied housing rather than extensive set of variables included in W it-1 . 12 The problems refer to: (1) Problems or disability connected with: arms, legs, hands, feet, back, or neck (including arthritis and rheumatism); (2) Difficulty in seeing (other than needing glasses to read normal size print); (3) Difficulty in hearing; (4) Skin conditions/allergies; (5) Chest/breathing problems, asthma, bronchitis; (6) Heart/blood pressure or blood circulation problems; (7) Stomach/liver/kidneys; (8) Diabetes; (9) Anxiety, depression or bad nerves; (10) Alcohol or drug related problems; (11) Epilepsy; (12) Migraine or frequent headaches; (13) Other health problems.
other tenures such as social housing or renting privately). We do not suggest that tenure itself necessarily has an impact; rather it is a marker for other factors including differences in wealth and assets and local area disadvantage.
The remainder of the explanatory variables relate to the factors cited earlier in the descriptions of trends in aggregate receipt and transition rates (Figures 1 and 2) . We summarize time-varying labor market tightness in terms of the respondent's local area unemployment rate. By local area, we mean travel-to-work area (TTWA).
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The impacts of policy changes are monitored by allowing the intercept terms in Z it-1
and W it-1 to differ by survey year. We follow this strategy rather than including measures of (say) program generosity over time for two reasons. First, benefit rates in the UK are set nationally; there is no spatial variation across regions or states as in the USA or some European countries. Second, there have many program changes within the 1991-2005 period (Table 2) , and so it is difficult to identify the impact of any specific policy reform. Our approach is therefore more descriptive than causal modeling: we expect that if the policies cited in Table 2 had an effect on SA entry and exit rates, they will be reflected in the timevarying intercepts, notably around 1996, 1999 and 2003. 14 
Characteristics of At-Risk Groups, and Trends over Time
Changes in the aggregate SA transition rates depend in part on changes in the composition of the populations at risk (see above). Consider first those at risk of entry (SA non-recipients).
Averaging over the period as a whole, the mean age was 41 years, half the sample were women, and just over one half reported at least one health problem. About thirteen percent had no educational qualifications and a quarter had only low educational qualifications.
Almost a half of non-recipients had at least one dependent child and just under a fifth had a child aged less than five years. Four-fifths were part of a couple, some 17 percent were single adults and 3 percent were lone parents. Just over 80 percent lived in owner-occupied accommodation, one in ten lived in the London area, and the average local area rate was just 13 More precisely, the local area unemployment rate is the ratio of the number of unemployed to the number in the labor force for the respondent's TTWA at the time of the interview, derived from the Joint Unemployment & Vacancies Operating System Cohort (a 5 percent sample of all computerized claims for unemployment-related benefits selected by reference to a claimant's National Insurance Number). TTWAs are defined with reference to commuting patterns, and correspond broadly to a city and surrounding area. See Cappellari and Jenkins (2008a) for more details of the construction of the series. 14 We also considered a quasi-differences-in-differences approach in which we also included interactions between the survey year indicators in Z it-1 and W it-1 and the presence of children: the reasoning is that the Labour government's reforms were directly primarily at families with children. As it happened, very few interaction variable coefficients were statistically significant, and the temporal pattern of the estimates did not over 5 percent. These whole-period averages disguise some marked trends over time. These changes suggest that one reason for the decline in SA entry rates may be the improvement in educational qualifications (improving employability) and the decline in local area unemployment rates reflecting improved availability of jobs. The rate of decline in the average local area unemployment rate leveled off around 1997, which is consistent with the leveling off in the decline in the entry rate around that year (Figure 2 ).
Consider now those at risk of SA exit. Averaging over the period as a whole, we find that compared to non-recipients, the proportion of female recipients is larger (60 percent rather than 50 percent), and the proportion with relatively low educational qualifications is higher (40 percent of recipients have no qualifications compared to 13 percent of nonrecipients). A quarter of recipients belong to families with three or more children (compared to 8 percent of recipients) and the proportion with a child aged less than five years is 25 percent rather than 18 percent. About one quarter of recipients are lone parents but only 3 percent of non-recipients. The proportion of SA recipients living in owned accommodation is only one third compared with 80 percent for non-recipients. In addition, recipients tend to live in areas with slightly higher unemployment rates than non-recipients. In sum, SA receipt is concentrated among individuals with characteristics commonly associated with labor market disadvantage.
As far as trends are concerned, there are both similarities and differences between SA recipients and non-recipients. For both groups, the prevalence of health problems rose between 1991 and 2005, but the increase is larger for recipients (from 53 percent to 76 percent, compared to from 50 percent to 59 percent). Local area unemployment rates fell for both groups; so too did the proportion with no educational qualifications but the decline in the latter was smaller for SA recipients than non-recipients. There are some distinctive correspond with expectations regarding the timing of policy changes. These patterns suggest that two trends in particular may help account for the decline in the aggregate SA exit rate over time: the rise in proportion of recipients with health problems, and the large rise in the proportion living in non-owned accommodation. Both trends are consistent with a 'creaming' hypothesis -the most skilled and work-ready individuals left SA for a job, whereas the group left on SA increasingly consisted of individuals who were less well equipped for work, and for whom the probability of SA exit is relatively low.
MODEL ESTIMATES AND COUNTERFACTUAL SIMULATIONS

Model Estimates
Estimates of the dynamic random effects probit model specified in (4) are set out in Table 3 .
In the top half of the table, the first column of numbers refers to estimates of γ and the second column to estimates of λ. In the bottom half of the table are the estimates of the effects of the longitudinally-averaged variables on SA receipt propensities, the impact of being in SA receipt when initially observed, and the variance of the unobserved heterogeneity distribution. Table 3 shows that SA entry probabilities are lower for women, individuals living with a partner, and without a child aged less than 5 years. There is a gradient in entry rates with educational qualifications -highest for those with no qualification and lower the higher the qualifications attained (and higher still for those with missing qualifications data). There is no statistically significant association between entry rates and age, the presence of health problems, number of children, home ownership, and residential location.
<Table 3 near here>
The higher the local area unemployment rate, the higher the SA entry rate -which is consistent with the aggregate trend data shown in Figures 1 and 2 .
The estimated coefficients on the survey year variables also correspond with the trends in aggregate data. (The year labels shown in Table 3 The estimates suggest that the introduction of JSA, accompanied by tightening of eligibility conditions, was associated with a decline in SA entry rates. For those at risk of entry in 1996 (year t = 1997), the estimated coefficient is -0.17, but it is -0.37 for those at risk of entry in 1997 (year t = 1998). There is also some evidence consistent with a WFTC introduction effect as the coefficient for those at risk of entry in 1999 (year t = 2000) is -0.24, but -0.43 for those at risk of entry a year later. In contrast, there is no similar change in the coefficients for years round the change from WFTC to WTC.
We therefore find a smoking gun for some effects of benefit policy reform on SA entry rates. We are cautious about drawing stronger causal conclusions for the reasons described earlier.
What about the determinants of exit rates? Observe, first of all, that relatively few coefficients on the variables included in the vector of interactions between characteristics and lagged SA receipt status are statistically significant. The exceptions concern the number of children in the family and whether the respondent has a partner. Having more children is associated with a larger exit rate, whereas being a member of a couple is associated with lower exit rate. Otherwise, we find, for example and as expected, that having better educational qualifications is associated with a higher exit rate, and a larger unemployment rate is associated with a lower exit rate.
By contrast with the results for entry rates, there appears to be little evidence of benefit policy reform effects on exit rates. For the relevant survey years, observe that the sum of corresponding γ and λ coefficients is close to zero: the coefficients are of approximately the same magnitude and of the opposite sign. Hence the change in the sums between successive years is also negligible.
The estimates of the parameters associated with unobserved heterogeneity are at the bottom of Table 3 . The table shows that individuals with a disposition to health problems or many children are more likely to receive SA. Family type and housing tenure also matter.
Individuals who are more likely to be lone parents are more likely to receive SA, whereas individuals with a partner are less likely to. Home-owners are less likely to receive SA than renters. Experiencing persistently high local area unemployment rates does not appear to be associated with a high probability of SA receipt, other things being equal. (It is the year-toyear variations in unemployment that drive changes in SA receipt, by changing exit and entry propensities.) There is statistically significant unobserved heterogeneity in addition to the heterogeneity captured by the longitudinally-averaged variables: the estimate of σ u 2 is 0.42.
Finally, observe that initial conditions matter. Individuals who are receiving SA when initially observed are much more likely than non-recipients to be receiving SA in some subsequent year.
Counterfactual Simulations to Assess the Drivers of Transition Rate Trends
We now employ the model to assess the main drivers of the trends in aggregate annual SA entry and exit rates shown in Figure 2 . Before embarking on the counterfactual simulations, we show first that the fitted model tracks the aggregate trends shown in Figure 2 . Figure 3 shows these "within-sample" entry and exit rate predictions by year, and also reproduces the aggregate series shown earlier. Chart (a) compares entry rates; chart (b) compares exit rates.
In two respects, the predictions are poor. First, within-sample predictions consistently over-estimate both entry and exit rates. We do not have an explanation for this but suspect that it relates to the use of non-linear functions in (5) and (7). (We have checked that it is not related to skewness in the distribution of predicted probabilities.) Second, the predicted trend between the first two years of each series is in the wrong direction. (Again we do not have an explanation for this.) But these are the only two years for which this is the case.
We would emphasize that otherwise the within-sample predictions track trends over time remarkably well. Turning points in both aggregate transition rate series correspond to turning points in both within-sample series.
<Figure 3 near here> Given this correspondence, we proceed to our counterfactual simulations. We consider the impact of four factors: falling unemployment rates, effects associated with the passage of time (which include any benefit policy reform effects), the secular improvement in educational qualifications, and changes in the distribution of housing tenure.
The first exercise concerns the impact of changing unemployment rates. To assess this, we consider what would have happened to SA entry and exit rates were unemployment remain at its 1993 peak, and everything else were to stay the same (including the values of the longitudinally-averaged variables and initial receipt status). Since the model is fitted to data on individual-specific local area unemployment rates, we first generate another set of within-sample estimates by replacing individual-specific local area unemployment rates within each year by the average rate among the relevant population at risk (there are different averages each year for SA recipients and non-recipients). This generates the transition rates series labeled "average unemployment rates" in Figure 4 . This series is almost identical to the within-sample series shown in For SA exit rates, we see the impact expected: If unemployment rates had remained high, the exit rate would have been lower. However, the magnitude of the effect is small compared with the impact on the entry rate. The difference between the series is never more than 5 percentage points, which is small compared to an exit rate of between 40 percent and 50 percent.
Our second counterfactual exercise concerns factors associated with the passage of time, which includes potential benefit policy reform effects. To do this, we compare our original within-sample prediction series with predicted transition rates generated by fixing the coefficients on the survey year indicators at the value of the estimated coefficient for 1993. proportions of owner-occupiers among SA recipients and non-recipients had remained at their 1991 levels. As it happens, there was no impact at all on either entry rates or exit rates.
The within-sample and counterfactual series coincided in both cases (charts not shown for brevity).
Heterogeneity in Transition Rates
Finally, we embark on a different type of simulation exercise. So far, the simulations have been concerned with generating predictions of aggregate transition rates and their trends over time. This involved averaging of individual-level predictions and hence information about the degree of heterogeneity in transition rates across individuals with different characteristics was hidden. We now illustrate this heterogeneity by predicting SA entry and exit rates for an individual with a specific "base" set of characteristics, and compare these predictions with derived by changing each of a number of characteristics one at a time. The predictions refer to a particular year. The results are shown in Table 4 . The "base" set of characteristics refer to a woman aged 40 years, who is an owner-occupier living outside London, who is married with one child under 5, who has no health problems and no educational qualifications, and the local are unemployment rate is 3 percent, and the year is = 2005. She did not receive SA in the year she was initially observed.
The predicted entry probability for this person is 1.2 percent, and the predicted exit probability is 85.4 percent. If, instead, the person received SA when initially observed, then the entry probability is a massive five times larger, and the exit probability one quarter lower (row 2). Men and women have much the same entry and exit probabilities (row 3). More important than gender is family type. If the reference woman is a lone mother rather than married., then her entry probability more than trebles to 3.9 percent, and her exit probability falls by about a quarter to 68.6 percent (row 7). If in addition the woman is not an owneroccupier, the entry probability is a massive 14.6 percent and the exit probability is half that of the base case, 41.6 percent (row 8). Differences in housing tenure alone are associated with large differences in transition probabilities (row 7). Not having children almost halves the entry probability, and slightly increases the exit probability (row 9). Finally, observe that if the year is changed from 2005 to 1993 and the local area unemployment rate from 3 percent to 9 percent, then the entry probability more than doubles (from 1.2 percent to 3.3 percent) and the exit probability hardly changes. This underlines our earlier remarks regarding the importance of changes in entry rates <Table 4 near here>
SUMMARY AND CONCLUSIONS
We have analyzed the dynamics of SA receipt among working-age adults in Britain between 1991 and 2005, making the case that the near-halving in the aggregate annual receipt rate over this period was driven by a decline in the annual entry rate rather than changes in the annual exit rate (which actually declined). To examine the determinants of trends in aggregate SA transition rates, we have developed an innovative dynamic random effects probit model of SA receipt entry and exit probabilities, fitted it to BHPS data, and used the estimates to provide counterfactual simulations of trends in SA transition rates.
Our analysis indicates that two sets of factors were the major determinants of transition rate trends and the counterfactual simulation exercises suggest that they had approximately equal-sized effects. First, there is the increasing health of the labor market, which we documented in terms of the fall in unemployment rates that occurred between 1993 and the mid-2000s. If the current recession leads to a rise in unemployment rates that reverses the earlier decline, our results suggest that SA receipt rates will rise substantially.
Second, there were a number of other changes between 1991 and 2005 in the socioeconomic environment including, in particular, various reforms to the income maintenance system in the 1990s. Our results suggest that two reforms had an effect on SA entry rates: the introduction of JSA in 1996 (by making it harder to claim), and the introduction of WFTC in 1999 (making work pay and hence SA less attractive). Investigating the extent to which these effects on SA receipt are genuinely causal is a task for future research; so too is analysis of the nature of other changes in the socioeconomic environment that were associated with the fall in the SA entry rate. Wooldridge (2005) estimator. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Log-likelihood = -8792.293. Number of person-year observati e survey year is 1992. The outcome is measured in year t, and explanatory variables in year t-1, with the exception of the survey year indicators for which 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Social assistance Social assistance including housing benefits
Tax credits Unemployment rate
Notes: Authors' calculations using data from waves 1-15 of the British Household Panel Survey (BHPS), except for the unemployment rate which is series YBTI from the UK Office for National Statistics, http://www.ons.gov.uk. The unemployment rate is the ILO unemployment rate for all adults (men aged 16-64, women aged 16-59), derived from the Labour Force Survey, and is a three-month average centered on the October of the year in question. The definitions of social assistance, housing benefits, and tax credits are explained later. Exit rate 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Exit rate Entry rate
Notes: Authors' calculations using BHPS data. The definition of social assistance benefit receipt is explained later. 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Entry rate Entry rate, within-sample prediction 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Exit rate Exit rate, within-sample prediction
Note. Authors' calculations from BHPS data using the parameter estimates shown in Table 3 . The construction of the within-sample series is explained in the text. The aggregate entry and exit rates series are the same as those shown in Figure 2 . 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Entry rate, average unemployment rates Entry rate, 1993 unemployment rate 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Exit rate, average unemployment rates Exit rate, 1993 unemployment rate
Note. Authors' calculations from BHPS data using parameter estimates shown in Table 3 . The construction of the reference and counterfactual series is explained in the text. 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Entry rate, within-sample prediction Entry rate, year fixed at 1993
(b) Exit rates 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Exit rate, within-sample prediction Exit rate, year fixed at 1993
Note. Authors' calculations from BHPS data using parameter estimates shown in Table 3 . The construction of the reference and counterfactual series is explained in the text. 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Entry rate, average educ. quals. Entry rate, 1991 average educ. quals.
(b) Exit rates 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Year Exit rate, average educ. quals. Exit rate, 1991 average educ. quals.
Note. Authors' calculations from BHPS data using parameter estimates shown in Table 3 . The construction of the reference and counterfactual series is explained in the text.
